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Preliminary Drainage Study Revision C Introduction / Purpose

1.0 INTRODUCTION / PURPOSE

Burns and McDonnell Engineering Company Inc. has been retaind®$y, LLC to provide
engineering and permitting support for the High Desert Solar Project (Prdjeepurpose of this
drainage study is to describe and document draimegggemenrdnd to support a Conditional Use
Permit (CUPYXhrough the City of Victorville, CA

The Projects planned to banominal108MegawattAC (MWac) solar photovoltaic (PV) power plant
and will interconnect to the existing High Desert Power Rtaatedin thenorthwestportionof the City

of Victorville, Cdifornia. In addition tothe PV arraysthe development will include internal access roads,
equipment padshain link perimetesecurityfencesandan overhead transmission lifgerttie) to the

point of interconnectionThe project siteonsists ohpproximately607 acresandis locatedeast ofthe
intersection of Colusadddand Helendale &d (Figure 21). Theowner anduture operator othe

Projectis:

HDSI, LLC
200 West Madison St Suite 3810
Chicago, IL 60606
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2.0 SITE DISCUSSION

TheHigh Desert SolaProjectis a large single development locateithin portiors of Sectiors 2 and 11
Township 6North, Rangeb West of the San Bernardino Meridig@4.63.0°, -117.326°). It is
approximatehy8 miles nortlvestof Victorville, California, within San Bernardino Counfihe site is
considered part of Zone 6 of the SernardinoCounty Flood Control District Overall District Zones.
Due to the location and distance away from@iitg of Victorville, the High DeserSolar Project does not

tie intothe Victorville MasterPlan of Drainage

The property and surrounding asearemostly vacantesert terrain witlsparsenativedesert scrub.

However, the site alstontains several disturbed/developed areas consistimld efructures and illegal
dumpingas well adarge tracks of undeveloped land. There are several underground utilities that cross the
site including: a natural gas pipeline, reclaimed water pipeline(s), and telecom communications cables.

See Figure A for an aerial view ofhesite.

The site falls within the Alto (Upper Basin) subarea of the MoRiver Watershed. The Mojave River is
approximately %2 mileast ofthe eastern border of tisée. The existing site is divided by a small ridge
running northto south To the wesbf the ridge, the properssiopesgraduallytowardthe northwest with
grades between2%. To the eadif the ridge the property slopes edstvard the Mojave Rivewith
varying gradesip to 10%

The oilsinformation was gathered througleUni t ed St at es Dep duSDApwebt of Ag
Soil Survey Thesite consists oNational Resource Conservation Service (NRCS) soil gréugsd C A
furtherreportof thesited propertiesmay be found in Apperix B.

Forthe hydrologicanalysis, the sitevasdivided intoelevenseparate subaredpographical features

such adlowlines, ridges, etc. and pedeveloped roads determined how the subareasdigded. See

Figure2-2 for the division of subarea#it opogr aphi cal survey with 16 cont
the northern half of the sit esouhern podiondfthesittd SGS cont

TheFederal Emergency Management Agerfeii1A) Flood Insurance Rate MgpIRM), Numbes

06071C51504nd 06071C5125Ildovers theProject The effective dateof these are Agust 28, 2008

last revised on September 2, 2@k@ August 28, 2008The entireProject site falls within Zone X

which is defined as fiame@2%% detarrami rdlhecZaneXib ¢ oouwtpd ia
not regulated by FEMA nor the local floodplain administrator. The FEMA FIRM can be found in

Appendix G.
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In its predeveloped state, the shiaslittle impervious surfacegprimarily existingfoundations for old
homes Thenet gainof impervious areas due to tbhenstruction othe solarfarmwas estimated to be

approximatehy0.28%, a minimal increase to the pdeveloped site conditions.
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Preliminary Drainage Study Revision C Rainfall Data

3.0 RAINFALL DATA

Rainfall data for the site was collected throtighNOAA National Weather Seicei Precipitation

Frequency Data Server. The results for each can be found in Appendix C. The data from these tables were
used tocalculatethe pre- and postdevelopment peak flow rates and runoff volunidse pe- and post
development hydrographs veealso created for the 100 year dfidyeareventsand can be found in

Appendix D.
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4.0 ONSITE RUNOFF

The site was subdivided inedevenseparat@rainageareasased on the site characteristics explained
Section 2.0each with their respective downstream ouf(Eigure 51). TheRationalMethod wasised to

estimate the peak flow ratasross the site.

4.1 Rational Method
The methodology for calculating peak flow discharge and runoff volume was adapted from the San
Bernadino Hydrology Manual. As advised by the manual,RagonalMethod is preferred for sites less

than 640 acres when determigithe peak flow discharge:

0 606
where Q = Peak flow discharge (cfs)
C = Runoff coefficient
| = Intensity (in/hr), and
A = Area (acre)

To estimatethe intensityfor eachsubareaa rainfall duration was needéat each subare#; combination
wi t h NOA A Gegjuemcyatan A teme &f concentration (Tc) wealculated for each subarea
using the length of the modistant point from the outlet. The timef concentration wrethen used as
the rainfall duratioato find the NOAAintensites A runoff coefficientwas estimateébr each subarea
using the methodsf the Hydrology ManualSee Appendix A for further infanation regarding the

Rational Method Calculations.

Columns 3 and 4 of Tablesl4and 42 show the results of the Rational Method peak flow rate results.
The tables show the peak flow rates generated fro8Qfacres site under both prand postdevebped
conditions for the 1§ear and 10§ear storm events in respect to the time of concentration estimated for
each subarea. The results for both theydér and 10§ear are provided in accordance with City of

Victorvill ebs r eq wilatiamsrcambe found i Appendikét ai | ed c al
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4.2  Pre-Developed
Table 4-1: Pre-developed Characteristics
Subarea | Area (acre) | 100yr Q (cfs) | 10yr Q (cfs) 100yr/24hr 100yr/1hr 10yr/24hr
V (ac-ft) V (ac-ft) V (ac-ft)
A 16.35 22.74 9.76 2.03 0.20 0.83
B 78.76 66.67 22.42 9.77 0.98 4.01
C 35.90 13.89 0.74 4.45 0.45 1.83
D 7.91 21.15 10.56 0.98 0.10 0.40
E 119.70 64.70 0.00 3.83 0.09 0.50
F 41.86 40.64 14.91 5.19 0.52 2.13
G 24.57 41.01 15.31 0.79 0.02 0.10
H 39.74 54.39 23.27 4.93 0.49 2.02
I 10.58 10.75 4.04 1.31 0.13 0.54
J 197.52 64.81 0.00 6.32 0.15 082
K 33.67 46.40 19.90 4.18 0.42 1.71
Total 606.56 447.13 120.92 43.76 3.56 14.88

Q = Peak flow rate

V =Volume

cfs = cubic feet per second

acft = acrefeet
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4.3 Post-Developed
Table 4-2: Post-developed Characteristics
100yr/24hr V | 100yr/ihr V | 10yr/24hr V
Subarea Area (acre) | 100yr Q (cfs) | 10yr Q (cfs) (ac-ft) (ac-ft) (ac-ft)
A 16.35 22.76 9.79 2.03 0.20 0.83
B 78.76 66.78 22.53 9.77 0.98 4.01
C 35.90 13.94 0.80 4.45 0.45 1.83
D 7.91 21.16 10.57 0.98 0.10 0.40
E 119.70 64.98 0.28 3.84 0.09 0.50
F 41.86 40.70 14.97 5.19 0.52 2.13
G 24.57 41.06 15.37 0.79 0.02 0.10
H 39.74 54.45 23.33 4.93 0.49 2.02
| 10.58 10.76 4.06 1.31 0.13 0.54
J 197.52 65.28 0.38 6.35 0.15 0.83
K 33.67 46.45 19.94 4.25 0.44 1.76
Total 606.56 448.33 122.02 43.90 3.58 14.96
Q = Peak flow rate
V = Volume
cfs = cubic feet per second
acft = acrefeet
High Desert Solar Project 4-9 Burns & McDonnell
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4.4  Site Plan

The civil sitework will primarily consist & cutting and crushinthe existingsite vegetatioras necessary
to accommodate the new solar arfapfimizedgrading focusing on the eastern portion of the site
installation ofcompacted dirtoads around the perimeter of the siteterior dirt access roads throughout

the site andconstruction othain link fences around the perimeter of the site

Because the site is relatively flat, slopes generally less than 1%, it is conducive to solama&vielop
Little to no grading is anticipated for roughly 80% the site. Additionadlyninimize the impact of the
development of solar arrays, theistingvegetation will be cut and crushidplace The existing
vegetation will becutusing a skiesteer nounted bush hacker that will leave roots intact and mutble
cut materiabn-site. This method will allow for the vegetation to rentagrowhelping to stabilize the
groundsurface The vegetation will largely remain in place throughout thedifthe project with
operations and maintenarnicenming the vegetationnder the solar array$he maintenance plan for the
site will include trimming the existing vegetatienery 6 months or as necessary to prevent shading of
the paels.

Grading will primarily be focused on the eastern portion of thevgitere large elevation changes occur.

For solar sites, slopes of 10% or less are preferred for the constructability of the solar arrays. Therefore,
SubbasinsA, D, F, G, andH will undergo moderate gradivghere slopes exceed 10%he smooth, near
planar ground surfaces will promote shitetvs which exhibit less scour potential@smpared to
concentrated flowd~or the west side of the site, the existiogography andrainayewill be maintained

Chain link fencing is proposed around the site perimeters for seauhitgh will allow passage of runoff

The solaracking systenthroughout the site will be elevated above the ground, supported on vertical
posts driven into thground with no excavationor concrete foundation$he ground surfasdeneath

the solarcellswill remain adare groundgonsisting othe native, ossite soil. Precipitation will fall on
the solarcells, run off the lower edges onto the ground surfabegt flow across the site under the solar
cells, and infiltrate into the grounsimilar to the predeveloped condition€oncrete equipment
foundations for inverter skids and substation equipment will be located sporadically throughout the site.
Excesgunoff will primarily be shallow sheetlike flows across thesurfaces of thsite. After flowing
across the site, thmajority of the runoff willhavesheé-like flows off the site in a manner similar to pre
project conditionsHowever, to compensate fdret impact of the addition of impervious areasall
retention swales will be installedljacent to the roadwaat most of thehistoric outfall locationswith a
retentionbasinbeingconstructedlownstream of the substation and battery storagerasedsbasink.

As part of final designs, erosion control will Besignedvhere flows enter and exit the retention basin

High Desert Solar Project 4-10 Burns & McDonnell
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In general, existing runoff locatiorsd characteristics entegimnd leaving the site will be preserved to

the greatest extent practical.

The Project also includes the construction ti/@mile transmission line. As shown on Figurd 4he
point of interconnection is on the southeast corner of the site. Thereewaitl grading for the
transmission line, and thus is not included in the preliminary drainage report.

Figure 41 below details the planned site fbeHigh Desert SolaProject

High Desert Solar Project 4-11 Burns & McDonnell
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Figure 4-1: Site Plan
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5.0 OFFSITE FLOWS

Figure 51 is an aerial overview of the conditions existing outside the project site. Shown below are the
United States Geological Survey (USGS) existing 20 ft contours and flowofinide site. The majority

of the offsite runofientersat the southeast cornef the projectas sheet flowand willfollow its historical

flow path across the sit&@heRationalMethod was used to calculate the offsite flows, similar to the

method useih Section 4.0. The approximate 19®, 24-HR flow rateis 120 CF&t the southern
boundary The velocity was estimated using the Rational Method calculation for velocity of shallow,
concentrated flow. Using the slope and approximate length of the flewthia velocity icalculatedo

bel ft/s. These flows do not pose a threat for erosion of native soil, therefore, mitigation of these flows is

not anticipated.
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Preliminary Drainage Study Revision C Stormwater Treatment

6.0 STORMWATER TREATMENT

A stormwaterretention basinvill be installedalong the downstreatrounday of subbasinK where the
substation and battery storage areas will be locatbd basirwill be installedatthe historic discharge
locations as shown on Figurel6There is an existing pond located in adsin H which will be
preserved for stormwater retentidihe remaining subasins on the site do not requaréarge volume for
stormwater treatmensolow-water crossingwill be installecht the historic outfalllocations tcallow
maintenance vehicles drive the perimeter of the Ribads adjacent to thew-water crossingmaybe

el evat ed u pstinggradevdichavih create a maturial swdtetention area at the crossifidne
swale will be designed to have suféint volume to retain the increase of-pegsuspost runoff.In Rip
rapwill be placed at the outfall points of each b&sivaleto protectfrom erosioras stormwater leaves
the site Additional techniques to control erosion may be develajpeihgfinal design.The following

methods were used to size tlietention basins for the site.

1. Catchment Yield Fraction Method
2. LID BMP Design Capture Volume (DCV)

TheLID BMP Design Capture Volumeesulted in the largest retention volume; therefore, this method

was selected for retentidrasin volume sizinglr he twomethods are explained below:

6.1 Catchment Yield Fraction Method

To estimate sitestormwaterolume, the catchment yield fraction method was used, consistent with the
San Bernardino County Hydrology Manual. The methodology for this process included the following
parameters: the NRCS curve numbers, initial abstraction values, and the NOAA Atitagipitation

depths.

The minimum design volunsef the stom water retention basins vary dependent on the subarea they
serve To determine the controlling methodology for retention voluimerunoff volume wasnitially

calculated using the followinggfmula San Bernardino County Hydrology Manjal

w ®z0 20
where V = Volume (adt)
Y = Yield fraction
P24 = 24-hourprecipitation depth (in), and

A = Area (acre)

High Desert Solar Project 6-15 Burns & McDonnell



Preliminary Drainage Study Revision C Stormwater Treatment

Columns 5 through 7 ohables 41 and 42 show the results of the Catchment Yield Frachtethod.

The tables show the flood volumes generated under the 24tyr, 100yr- 1hr, and 100y 24hr storm

events. The results for both the-yi®ar and 10§ear are provided in accordance with City of
Victorvill ebs r equi roastanbeé feund imApgendk Retentioh lgadin c al cul at
volumes will be designed to retain the 10Qvhr stormwater volume.

6.2 LID BMP Design Capture Volume

Because the site is located within the Mojave River Watershed, an alternate methodology for calculating
retention volume was performed based on the Mojave River Watershed Water Quality Management Plan.

As advisedby Form4.2 A LI D BMP Perf ormance Criteria for Des|

calculating retention volume is as follows:

06w oYL
where DCV = Design Capture Volume3fft
A = Area (f)
Rc = Runoff Coefficient
Ps = Mean 6hr Precipitation (inches)
Cz = Function of drawdown rate

New stormretentionhas been designediong the downstream boundaries of the gigsignedo retain
the Design Capture Volume (DCV) in accordance with the Mojave River Watershed Water Quality
ManagementPlatee Appendi x A, sheet 0 ReTheproposedreentid or det e

basin locations are shown on Figuré.6

6.3 Retention Basin Design

As noted in Table 4, thetotal combinedninimum requiredstormwateretention volumeising the San
Bernardino County methoglasdeterminedo be0.014 acft (postcongruction conditiondor the 100

yeari 24 hour storm event)lhese values were then compared with the values calculated from Ferm 4.2
1 LID BMP Performance Criteria for Design Capture VoluResults from this methodology show that

the totalrequired stormwater retention volume should.&lacft. To be consefative, the larger of the

two volumes was chosen for the retention basin sizifige site will utilize an existing basin located in
subbasin H to achieve the volume needadthe WQMP and San Bernardino County Hydrology

Manual.
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Table 6-1: Retention Volume

Mojave River
San Bernardino County Hydrology Manual WQMP
Subarea Predev Postdev Retention LID BMP Basin Volume
100yr24hr 100yr24hr Volume DesignCapture Provided
V (acft) V (act) Required Volume V (acft)
Required V (ae
(pPre vs. f)
Pos)
V (acft)

A 2.03 2.03 0.00 0.04 0.04
B 9.77 9.77 0.00 0.21 0.86
C 4.45 4.45 0.00 0.09 0.09
D 0.98 0.98 0.00 0.02 0.03
E 3.83 3.83 0.00 0.31 0.86
F 5.19 5.19 0.00 0.11 0.11
G 0.79 0.79 0.00 0.06 0.07
H* 4.93 4.93 0.00 0.10 1.20
I 1.31 1.31 0.00 0.03 0.03

Nig 6.32 6.34 0.02 0.53
K 4.18 4.24 0.06 0.13 0.27
Total 43.76 43.84 0.08 1.64 3.56

V = Volume

acft = acrefeet

*The retention basin in Subarebwill utilize an existing topography to assist in providiatention for the LID BMP Design

Capture Volume
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Figure 6-1: Drainage Map

(not to scale)
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